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0 Pharmaceutlcally Irnpregnated catlieters. 

0 The present Invention relates to a catheterization 
system wtvch incorporates impregnating a pharma- 
ceutical into a catheter by contacting the catheter 
with a volafile solvent or swelFing agent at or near 
supercritical conditions of the swelling agent witii a 
mixture of the pharmaceutical and the swelling 
agent The catheter is capable of providing pro- 
longed protection of localized tissue areas. 
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PHARMACEUnCALLY IMPREGNATED CATHETERS 



The present invention relates to catheters that 
are made of a polymer material which have been 
impregnated wHh a pharmaceutical. In particular, 
the present Invention relates to a catheterization 
system which incorporates ImpregnatinQ a phar- 
maceutical into a catheter by contacting the cath- 
eter with a volatile solvent or swelling agent The 
~ cath^ is capaSle of prodding prolonged pratec- 
ton of localized tissue areas. 

Catheters are tubular, tiexible, open-ended, 
medical instniments which are used for shunting 
fluids into and out of the body of an animal. Such 
catheters may have (>ref6rmed ends to fadGtate 
selective locating, as In a renal or coronary vessel, 
from a remote entry site, and may be named 
according to the site of entry and destination. 

A problem tiiat is known to 6}dst in catiieteriza- . 
tion is tliat the Insertion of a catheter may lead to 
acute microbial infection which would require treat- 
ment by an antibiotic. Much attention has been 
given as how to minimize this problem. 

Anotiier area of concern in the use of a cath- 
eter, is the occurrence of tissue Inrftaiion at the site 
of insertion. This irritation can be of a short term 
effect such as pain or discomfort associated witii 
friction generated by tiie insertion of the catiieter, 
or it can be of a long term nature such as the 
effects associated with a lesion or sore formed at 
the point of contact t^etween the catiieter and the 
local tissue area Such lesions or sores may arise 
when pressure is applied over an extended time. 
Pressure results in shear and oompressh^e forces 
on tissues, blood vesselSt and the lymphatic sys- 
tem. When blood vessels close as a result of these 
forces, flow of blood stops and tissues become 
starved of nutrients, particularly oxygen. Eventually 
tissues die and the affiected area becomes sen- 
sitive to microtdal Infection. Such an oocurrence Is 
common in tissue areas that have been in pro- 
longed contact with a catheter. 

Known metiKxls of applying pharmaceuticals to 
cattieters include osmotic swelling, coating the sur- 
face of a polymer with an antibiotic and a chemical 
binder, applying a film or solid particles which 
includes an antithrombotic applying a coating ca- 
pable of adsorbing a microblocide. Incorporating 
microporous walls into the catheter for holding a 
medicament, and treating the surface of tiie medi- 
cal device witii a compound having reactive func- 
tional gmxps followed by a second coating of a 
hydrophilic polymer. 

According to the present invention there is a 
mettiod of impregnating a catheter, made of a 
polymeric material, with a pharmaceutical compris- 
ing the steps of irrim^ng tiie cathet^ into a 



saturated solution of a pharmaceutical in a phar- 
maceutically acceptable solvent, contacting tiie 
cattieter at or near supen::ritical pressure and tem- 
perature conditions of ttie solvent witti the satu- 

6 rated solution, and reducing tiie pressure from tiie 
supercritical pressure condition to release the sol- 
vent from the catheter, theretyy leaving the phar- 
' rnaoeutical' ImpiBg^^ tiie catheter, the 
presoice in the catheter of impregnated phar^ 

10 maceuticais, such as antibiotics, reduces problems 
encountered In the use, particuiariy extended use. 
of catheters in animals. For example, a catiieter 
hnpregnaled wHh an antitnotic In accordance with 
the present invention lnhit>its microbiological Infec- 

is tion and possible damage in the tissue contacting 
tf» catheter. 

In addition to minimizing bacterial infection, a 
catheter impregnated in accordance wHh the 
present invention reduces locafized pain and In- 

20 flammation and retards tissue necroas which may 
be associated witii prolonged insertion of the cath- 
eter into the body. 

These and other features of the present inven- 
tion will be readily apparent >to ttiose having or- 
es dinary skill in the art from thie following detailed 
description of the preferred methods and emtxxii- 
ments of the present invention taiceri In conjunction 
witii the accompanying drawing. Rg. 1 is a graph 
which illustrates the results of the rate of release of 

so benzocaine from various polymer compositions 
used in tiie manufacture of the catiieter. Details of 
Rg. 1 are included in the examples. 

The Impregnated polymer is a catiieter that is 
to be inserted Into tfie txxly of an animal for 

3S shunting fluids into and out of body cavities such 
as the alimentary canal, cerebrospinal cavities, uri- 
nary tract. Eustadan tut>e, reproductive tracts, cr^ 
nial cavity, ductal tracts, endocrine system, lym- 
phatic system, respiratory system, cardiovascular 

40 system, skeletomuscular system, and integumen- 
tary system. The catiieter can have various fbnms 
and stmctures. which will be apparent to the sIdDed 
artisan. Bcamples of these types of cathetere are 
urinary cathetere and percutaneous lead devices 

45 such as a shunt, cannulae or wire. An antibiotic or 
an anti-inflammatory agent Is preferably impreg- 
nated into the urinary catheter. An antibiotic, anti- 
inflammatory agent or an anestiietic is preferably 
impregnated into the percutaneous lead device. 

60 The percutaneous lead device can then be im- 
planted through the sidn for providing access to 
veins and arteries and to administer drugs and 
fluids. 

The catiieter of the present invention is made 
of a polymer composation. Such polymer cpmpo^ 
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tions include polypropylene, polyurethane, poly- 
tetrafiuoroethylend and silicone rubbers. 

The useful polymeric catheter materials are 
preferably impregnated with the pharmaceutical by 
immersing the catheter In a saturated solution con- s 
talning the pharmaceutical dissolved in a highly 
volatile, pharmaceutically acceptable solvent capa- 
ble of swelling the polymer materials or more pref- 
erably by using a phanmaceutically acceptable 
swelling agent as a deposition medium as taught in 10 
-U.S. PaL No. 4^,006. 

A saturated solution is the most concerttrated 
solution that can remain, in the presence of an 
excess of the dissolved solvent Highly volatile 
solvents are considered to be those materials is 
which have high vapor pressures at about room 
temperature. Bcampies of prefened sohfents in- 
clude, but are not limited to cartK>n dioxide, riitrous 
oxide, nitrogen, ethylene, pentane. hexane, 
cyclohexane. methanol, etfianol, diethyl ether, 20 
methyl chloride, methylene chloride, water, 
Isopropanol. 

Contacting the cath^r at or near supercritical 
conditions of the swelling agent with a mixture of 
the pharmaceuticai and the solvent or swelling 2s 
agent permits rapid impregnation of the mbcture 
into the cattieter. The greater the swelfing, the 
quicker and more complete the diffusion of the 
mbcture. The efficiency of the swelling is increased 
with increaang temperature at a constant pressure. 30 
The range of temperatures is purely practical and 
is defined by the properties of the supercritical 
solvent being used, the effect of temperature on 
the solubility of the pharmaceutical agent in ttie 
supercritical fluid and the effect of temperature on 35 
swelling of the polymer by the supercritical fluid. 
•The optimal temperature will be determinable by 
those of ordinary sMH in the art It Is prefenred that 
the catheter be contacted by the mixture of the 
pharmaceutical arxl swelling agent at a temperature 4o 
range of from about 20* C below the critical tem- 
perature of the swelling agent up to about 100* C. 
. (Criticsal temperature is defined as the temperature 
above which a substance has no Gquid-vapor tran- 
sition.) ^ 45 

However, a temperature of at least 40*0 will 
be employed in order to ensure a convenient rate 
of swelling, with an upper limit of about 60* C 
being preferred. 

Pressure is also determined by practical con^ so 
sideratlons such as the properties of the particular 
solvent used and by the cost and availability of 
equipment The optimal pressure will be determin- 
able by those of ondlnary skill In the art It is 
preferred that contacting the catheter with the mix- 55 
ture of the pharmaceutical and the swelling agent 
be cam*ed out In a range of about 352 kg/cm^ to 
about 703 kg/cm^. with about 70.4 kg/cm^ to about 
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35.6 k7cm^ being prefenred. 

After contacting, the volatile swelling agent is 
separated from the catheter, leaving the pharma- 
ceutical behind. Because of the volatility of the 
swelfing agents employed, separation is easily ac- 
complished by lowering the pressure. 

A pharmaceutical that Is dissolvable in a phar- 
maceutically acceptable, swelling solvent or highly 
volatile, pharmaceutically acceptable swelfing agent 
is useful in accordance with the present invention. 
Non-limiting exampls& inelude antibiotics, anti-in- 
flammatory agents, analgesics, anti-fungal agents, 
topical anesthetics, antiseptics, vasodilators, anti- 
spasmodic agents, and growth factors such as 
methenamine. nafidixic acid, dnoxadn, norfksxadn. 
pifloxadn. gentamicin sulfate, dlndamydn phos- 
phate. t)enzocaine. triethanolamlne salicylate, 
hydrocortisone, trolamine saficylata, theophylline, 
dipyridanK>le, minoxidil, nyiidrin hydrochloride, 
nifedipine. erythrityl nitrate. nitroglycerine, 
dnepazlde, isoxsurpine, trolnitrate phosphate, 
Isosoribide dinitrate. betahistine. pentaerythritol 
tetranltrate. epidermal growtti factor (EGF), trans- 
forming growth factors alpha and t)eta (TQF- alpha 
and -beta), fibrok>last growth factors alpha and beta 
(FGF-alpha and -beta), cartilage inducing growth 
factors A and B (Cli^A and -B), tumor angiogenesis 
factor (TAF), and platelet derived wound healing 
factors (PDWHF). 

The amount of pharmaceutical impregnated 
into the polymer depends upon various factors 
such as length of time desired for administration 
and the minimum and maximum effecth^ dose. 
The amount of phanmaceutical varies between 
about 1 and 50% by w^ght of the catheter. Pre- 
ferred ranges depend explicitly on the pharm^^u- 
tical agent, but generally will be about 5 to 15% by 
weigfit of ttie catheter. 

The pharmaceutical impregnated into the catfh> 
eter is capable of being released from the catheter 
at a prolonged and controlled rate. Preferably, the 
pharmaceutical is released at a rale of ai>out 0.01 
to 30.0 wt % of the agent per hour based on total 
weight of the catheter plus Impregnated material. 

Preferably, the polymer Is prefomied into the 
desired catheter end product before Impregnation 
with the pharmaceuticaL This avoids any toss of 
phannaceutical that wouki have occunred during 
manufacture of the desired article. Commerdally 
available, prefonned catheters that can be impreg- 
nated with a pharmaceuticai in accordance with the 
preserit invention Indude BardexTM latex Foley 
catheters with silicone coating (made by 0. R. 
Bard. Inc.): BardexTM latex l=bley catheter with 
teflon coating (made by 0. R. Bard, Inc.): all slfi- 
cone Foley catheters; tong-term, indwelGng cath- 
eters: baIk)on-type cardiovascular catheters; coro- 
nary profusion catheters; hemodialysis catheters; 
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and angiographic catheters. 

The catheter of the present invention can t>e 
conveniently contained in a sterilized lot for dls» 
pensing. Preferably, the kit Is a stertSzed wrapper 
that is impermeable to air» moisture, and bacteria. 
Examples of useful wrappers are TyveiciM, polyethr 
yiene or polyvinylidene chloride pouches and 
polyoiefin Irays. 

The following non-Gmiting ^camples are pro- 
vided to more dearly describe the present Inven- 
. tion. in the examples, all part and percentages are . 
by weight unless otherwise indicated. 
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IS 



A Hidanan right atrial catheter (made by Ever- 
med of Mecfina, WA) is impregnated according to 
the process described in Example 1. This catheter 
Is made of SIlasticTii4, a silicone mbber compound, 
which Is a product of Dow Coming. 



EXAMPLE 4 



« A latex ruJbl^etJcathetBr (made by C. R. Bard, 
Inc.) is impregnated with gentamidn according to 
tie process described in Bcample 1. 



EXAMPl^S 



A commercially available polyurethane catheter 
is mounted in a stainless steel ' cage, placekl in a 
reactor, and 1 g of t)enzocaine is added to the zo 
reactor. The reactor is dosed, heated to 40* C. and 
pressurized with cartoon dioxide to 1200 psig. After 
the contents of tlie reactor are agitated at 1,000 
rpm for 4 hours, the reactor is cooled and depress 
surized. 25 

The catheter is found to cont^n 25% ben- 
zocaine by weight, as determined by weight gain. 
The presence of benzocaine is confirmed t>y ex- 
trading the k)en20caine with a pharmaceutically 
acceptable sohrent and analyzing the extracted so- so 
lution t>y UV analysis. 

The rate of release of t^enzocaine from the 
catheter is measured tiy the following procedure. 
The catheter is placed in a beaker containing 100 
ml of water, and tie contents of the t>eaker are 36 
slightly agitated with a magnetic stirrer. At given 
limes, an aliquot is reimoved, placed in a cuvette 
arxl ttie UV at)Sort)ance @ 285 nm is measured 
The concentration is deternUned by comparison 
with a standard calibration curve. The results are 40 
summarized in Rg. 1. These results demonstrate 
the prolonged release rate characteristics of the 
impregnated caiheter. 



EXAMPLE 2 



The process described In Example 1 is re- 
peated except that benzene is replaced with a so 
slurry solution of ethanol and 1 gram of benzer^e. 

The cattieter is analyzed for weight gain and Is . 
found to contain 42% tienzocaine. 



EXAMPLES 



A commerdaJiy available polyurethane cathet^ 
is imi^mgnated with Cyclospasmomi (a cydan- 
delate vasodilator made -by Wyeth Laboratories) 
according to the process described in Bcample 1. 



EXAMPLE 6 



A commerdally available polyurethane catheter 
is impregnated with 1.0 g sulfathiazole, an anti- 
t)acterial agent, according to the process described 
In Bcample 1. 



EXAMPLE 7 



A commerdally available polyurettiane catheter 
is impregnated with HuodnorudelM (an anti-4nf1am- 
matory s^ent made tiy Syntex Lat)s) ac(#ordlng to 
the prc>cess descrilied In Example 1. 



Claims 

1. A method of Impregnating a cfatheter, made of a 
polymeric material, with a pharmaceutical compris- 
ing the steps of: 

(a) immersing the catheter into a saturated solu- 
tion of a pharmaceutical in a pharmaceutically 
acceptable solvent; 

(b) contacting the catheter at or near super- 
critical pressure and temperature conditions of 
the solvent with tie saturated solution; and 

(c) redudng the pressure from the supercritical 
pressure condition to release the solvent from 
the catieter, thereby leaving tie pharmaceutical 
Impregnated Into the catheter. 
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2. The method of claim 1. wherein the catheter rs 
made of siilcone rubber, poiyethylene, poly- 
tetrafiuoroethylene or polyester. 

3. The method of daim 1, wherein the phanmaceu- 
tical Is selected from the group consisting of an 
antibiotic, vasodilator, anti*infiammatory agent 
growti) factor, analgesic, antispasmodic, and a mix- 
ture thereof. 

4. The method of daim 1. wherein the amount of 
phamnaceutical is impregnated into the catheter in 

- a range of abouti to 50 wt %. 

5. The method of claim 1. wherein the catheter is 
contacted in a temperature range of atXMJt 20 - C 
below the critica] temperature of the solvent to 
at»ut60*C. 

6. The method of claim 1, wherein the impregna- 
tion tak&s place In a pressure range of 70.4 to 
351^kg/fcm*. 

7. A pharmaceutically impregnated catheter pro- 
duced by the process of any of the preceeding 
claims. 

8. A method of shunting bodily fluids of an animal 
through the pharmaceutically impregnated catheter 
of claim 7. 

9. The method of daim 8, wherein the fluids are 
shunted through a body cavity of lOtfie urinary 
tract. 

10. The metiiod of daim 8. wherein the fluids are 
shunted tiirough a body cavity of the respiratory 
system. 
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